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Matching characteristics of the front and rear profile positions
in an axial flow compressor tandem cascade

MAO Xiaochen'", CHENG Hao?, LUO Zhe', WANG Hejian', LIU Bo'

(1. School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China; 2. Xi’an
Thermal Power Research Institute Co., Ltd., Xi’an 710054, China)

Abstract: The matching characteristics of the front and rear profile positions of a highly loaded tandem
cascade of axial flow compressors were studied with a combination of numerical and experimental methods.
The effects of the percent pitch and axial overlap on the cascade performance and the relevant mechanisms
were analyzed in detail. The results show that the influence of percent pitch on the cascade performance is
more significant than that of axial overlap, and the sensitivity of cascade performance to the percent pitch
and axial overlap is extremely low within the optimal design space of percent pitch. The increasing of
percent pitch improves the convergence of the slotted passage and the acceleration ratio of the slot jet and
changes the flow characteristics near the front blade pressure surface near the trailing edge and the rear
blade suction surface near the trailing edge, which increases the load at the trailing edge of the front blade
and decreases the load and incidence angle at the leading edge of the rear blade, thereby weakening the
suction surface separation of the rear blade. When the percent pitch is increased to the condition of slot
passage closure, the significant decrease in the momentum of the slot jet leads to a sharp increase of the
separation loss. Finally, the reliability of some numerical simulation results is verified by the cascade wind
tunnel experiment.
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Fig.1 Schematic diagram for the geometric parameters of a tandem cascade
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Table 1 Design parameters of the tandem cascade
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Experimental investigation on the influence of intake temperature distor-
tion on the aerodynamic performance of multi-stage transonic compressor

WU Yadong, ZHU Zihuan, MING Lele
(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Intake temperature distortion is one of the critical factors significantly affecting the aerodynamic
stability of compressors. An intake electric heating distortion generator was designed, and a four-stage
transonic compressor was used as the test subject. Aerodynamic performance tests were conducted under
intake temperature distortion at various rotational speeds. The results show that intake temperature
distortion causes the characteristic lines of the transonic compressor to shift towards lower flow conditions,
with a greater offset at higher speeds. Simultaneously, temperature distortion leads to a significant decrease
in pressure ratio and isentropic efficiency, with a maximum decrease in pressure ratio of 4.2% and an
isentropic efficiency reduction up to 14.7%. Under high rotating speed conditions, distortion-induced
vibrations exceed limits, indicating that uneven thermal loads caused by inlet temperature distortion have a
negative impact on the stable and safe operation of the compressor. When the power of the electric heating
section is fixed, the intake air mass flow increases with the increase in speed, resulting in a decrease in the
temperature difference between the high-temperature and low-temperature regions and a reduction in the
intensity of the total temperature distortion of the intake air.

Key words: aero-engine; intake temperature distortion; multi-stage transonic compressor; aerodynamic

performance; experimental study; electric heating
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Table 1 Main design parameters of transonic compressor
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Wi B 32
/KW 1610
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Optimization of intermediate case based on sand ingestion
capability improvement of the aero-engine

ZHANG Xuebao, WANG Quanqi, ZHOU Chenghua, ZHANG Jun
(AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: During the sand ingestion test of the aero-engine, sand particles enter the core engine, causing
damage to the compressor and turbine components, and thus worsening the engine’s performance and
reliability. Reducing the sand particles that enter the core of the aero-engine is an effective method to
improve the sand ingestion capability. Taking the intermediate case of a turbofan engine as the research
object, a two-phase flow simulation of the fan and intermediate case was carried out by using CFX software.
Then the splitter ring of the intermediate case was optimized. The simulation results show that the
optimized splitter ring can enhance the ability to separate sand particles and reduce the amount of sand
entering the core engine, while the bypass ratio and loss remian almost unchanged.

Key words: aero-engine; sand ingestion test; intermediate case; splitter ring; optimization design
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Influence of aero-engine casing structure on tip clearance
under maneuvering load
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212013, China; 2. Institute of Engineering Thermophysics, Chinese Academy of Sciences, Beijing 100190,
China; 3. AECC Sichuan Gas Turbine Establishment, Chengdu 610599, China)

Abstract: To solve the problem of uneven tip clearance variation in aero-engine compressor under
maneuvering load, the influence of structural factors on tip radial clearance under maneuvering load was
studied. Taking a small bypass ratio turbofan aero engine as an object, a computational model was
established. Through finite element numerical simulation, the influence law of aero-engine compressor
casing, and intermediate casing on the tip clearance of a high-pressure compressor under maneuvering load
was obtained. The results show that the double-layer casing structure can increase the longitudinal stiffness
of the compressor, reduce the elliptical deformation and eccentricity of the compressor under normal
overload and gyroscopic moment, thus make the tip clearance change more uniform. Increasing the rigidity
of the intermediate casing can reduce the asymmetric deformation of the inner compressor casing under
normal overload, to improve the working characteristics of the compressor tip clearance. The influence of
aero-engine casing structure on compressor tip clearance under maneuvering load is significant. By
improving the casing structure, 0.41%—0.64% of working clearance reduction benefits can be obtained.
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Fig.9 Influence of casing deformation on blade tip radial
clearance under gyroscopic moment

TR AR | 52 24T L RGN SR AILI ™
A TR B AZTE | 38 i A MBR LI A4 74 422 25
Hay 3 N R ML I 25 i, 356 e LI W 2 e —
FEBE b Z A SMBABILIET FROHG [5 A TE | DA T i 55 X6F A
PLIF AL B2 o FEBER AR, SO

(c) AT A 52 32 + e 1O o F
P10 32 il ied 2 R AL AR X oA 1] I Bt ) 2 )

Fig.10 Influence of casing deformation on blade tip radial
clearance under normal overload

H1 N2 AR I HEZRA% 66 =AM PILI | DR M2 2 L
AT N RAILIEE

5 IR EBE R NT A
BFGEFE0 MR ] B A T 5 B 101.0%



AEST LSBT T s A S LRI S5 R 0T A 1 Bt A 5 ) 3B 29

k
h‘“‘“ ﬁ—‘_ __j_J )

(a) WP 2

L

N |
H“':.-_u_a_:__;} J
e e e

(b)

ERERE:S

K11 ANREE R A XUZ PR 25

Fig.11 Different types of double casing structures

0.12
—a— [P LI .
0101 | o e s pLE Pt
0.08 ot
g
p
2 7
B ~
0.02 | ///
of /
1l 2 é 4 5
VAT
(a) BEIR I HEAEH]

0.10
—m— [k
0.09 F | —® FEIEEHHLIE //.
A
= d
e
L i el
% 0.08 /,,\\\r/ >
E_% /// +(,(4//
g 007F = //F‘
006F o
0.05 L
1 2 3 4 5
CHIVAS
(b) It 2 AEH

K112 Bl 1T AR B SUZ AL 4544 8 1 s W LBLIE A A2 12

Fig.12 Deformation of HPC casing for different types of double casing structures under maneuvering loads
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Fig.14 Deformation of HPC casing with different intermediate casing rigidity under maneuvering loads
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Fig.15 Nephogram of casing deformation under normal overload (Increase the stiffness of the intermediate casing)
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Compressor performance calculation method considering the influence
of variable specific heat under inlet heating condition

GAO lJie, FENG Fei, ZHAO Rubin, WANG Biao, WU Senlin
(AECC Sichuan Gas Turbine Establishment, Mianyang 621000, China)

Abstract: Based on the evaluation of compressor performance in the air inlet heating environment, the
calculation method of compressor performance parameters and their uncertainty considering the influence
of variable specific heat was derived, which was used to analyze the influence of variable specific heat on
compressor performance. And compressor test data were verified. The results show that, compared with
constant specific heat, the mass flow deviation calculated by variable specific heat increases with the
increasing of inlet temperature and flow Mach number. The temperature rise efficiency calculated by mean
temperature and integral method is similar, and both are lower than that of the constant specific method.
With the increasing of compressor inlet temperature and total pressure ratio, the deviation of temperature
rise efficiency obtained by the mean temperature method and integral method increases. Meanwhile, the
difference in the temperature rise efficiency with the two methods gradually becomes apparent, and the
temperature rise efficiency with the mean temperature method is lower.

Key words: compressor; variable specific heat; temperature rise efficiency; inlet heating; mass flow; aero-

engine
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Table 3 The parameters calculation deviation of the compressor performance
BORA 22/ %
W2 s HESCR/K 6% — : ‘
ik Rk
1 292.16 0.008 -0.73 —-0.74
2 292.22 0.008 —-0.83 —-0.84
W 3 292.27 0.008 —-0.96 —-0.96
4 292.36 0.008 —-1.00 —-1.00
5 292.41 0.008 -1.03 -1.02
1 353.45 —0.011 -1.93 -1.87
Jini 2 353.78 —0.011 -2.10 —2.02
3 354.19 —-0.011 -2.27 -2.18
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Table 4 Weighted coefficients of mass flow relative to standard uncertainty component

"E wEs - Lo Po Bo
FE (B % A FE(R gt SE(H: 78 A E(ERES %
1 1.0 1.0 0.5 0.500 2.416 2.417 1.416 1.417
2 1.0 1.0 0.5 0.500 2.427 2.428 1.427 1.428
iR 3 1.0 1.0 0.5 0.500 2.446 2.446 1.446 1.446
4 1.0 1.0 0.5 0.500 2.470 2.471 1.470 1.471
5 1.0 1.0 0.5 0.500 2.491 2.491 1.491 1.491
1 1.0 1.0 0.5 0.498 2.434 2.434 1.434 1.434
T 2 1.0 1.0 0.5 0.498 2.434 2.433 1.434 1.433
3 1.0 1.0 0.5 0.498 2.443 2.442 1.443 1.442

F5 TTHRCRARR AN 5 BE 53 TUMAL R EL
Table 5 Weighted coefficients of temperature rise efficiency relative to standard uncertainty component
W WA i T U
EL(ERES ik i FEAHTE Yyilkik Bk FEAHTE Yyilkik ik

1 0.77 0.77 0.77 2.38 2.35 235 2.38 2.42 2.41
2 0.74 0.74 0.74 2.31 2.28 2.29 2.31 2.35 2.35
R 3 0.71 0.71 0.71 223 221 2.21 2.23 228 2.27
4 0.70 0.70 0.70 2.21 2.18 2.18 2.21 2.25 2.25
5 0.69 0.69 0.69 2.19 2.16 2.16 2.19 2.24 2.23
1 0.78 0.78 0.78 243 2.39 2.39 2.43 2.49 2.48
i 2 0.75 0.75 0.75 2.37 233 2.33 2.37 2.44 243
3 0.73 0.72 0.72 231 2.27 2.27 231 2.39 2.38
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A method for judging state stability in compressor performance evaluation

WU Senlin, HAN Zhuangzhuang, GAO Jie, ZHANG Xiaoliang
(AECC Sichuan Gas Turbine Establishment, Mianyang 621000, China)

Abstract: To accurately and efficiently obtain the performance parameters of the compressor, the required
stability time and state stability characteristics of each performance parameter during the test process were
analyzed with multiple compression components taken as the objects. The total outlet temperature of the
compressor was used as the judgment parameter, and a method for judging the stability of the compressor
test state was studied. The research results show that the temperature rise efficiency of the compressor
requires the longest stability time and largest fluctuation amplitude compared with other performance
parameters, and may be accompanied by low-frequency pulsation; the fluctuation amplitude of the average
total outlet temperature gradually decreases with the increase of the average sampling time. When the
sampling frequency is 5 Hz, it is recommended that the average sampling time not be less than 1 s; the
stable state of the compressor can be judged by the linear fitting slope of the total outlet temperature with
the stable time. It is recommended that linear fitting be performed on the average total outlet temperature
within 30 s, and the fitting slope is within +0.002 for continuous 15 s, which is used as the basis for judging
the stability of the test state.

Key words: compressor performance test; test state; temperature rise efficiency; stability time; fluctuation

amplitude; linear fitting slope; aero-engine
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Table 1 Pressure ratio of test objects at design points

K% No.l No2 No3 No4 No5 Nob6 No7

JE 1.7 2.1 3.4 4.0 6.0 6.1 9.5
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Fig.1 Schematic diagram of the tester
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Numerical study on the twisted-pair flow tube measurement method

GAO lie, FENG Fei, WANG Lei, WEI Chong, ZHAO Zheng
(AECC Sichuan Gas Turbine Establishment, Mianyang 621000, China)

Abstract: Based on the two influencing factors of static pressure non-uniformity of the measuring section
and boundary layer correcting method, the test measurement of a twisted-pair flow tube was simulated with
numerical methods to analyze the influence of the factors on the flow measurement. The results show that
the closer the measuring section of static pressure is to the tangent point of the twisted-pair line, the greater
the influence of the non-uniformity of static pressure on the flow deviation in the main flow area, which can
be corrected by establishing the static pressure correlation formula. When the boundary layer flow is
calculated by the integral method in the test, the velocity distribution in the near wall region is different
from the linear distribution, leading to the difference in the integrated flow between the first measuring
point and the wall. It can be corrected with the reconstruction of the velocity field in the near wall region by
exponential distribution law.

Key words: twisted-pair flow tube; air flow measurement; boundary layer correcting method; non-uniform

static pressure; axial compressor; aero-engine
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Blowing tests on typical structures of probes used in compressor tests

LIU Xiaochen', GAO Jie!, WAN Haohan?, ZHAO Jian’>, WANG Lei'

(1. AECC Sichuan Gas Turbine Establishment, Mianyang 621000, China;
2. AVIC Changcheng Institute of Metrology and Measurement, Beijing 100095, China)

Abstract: Focusing on probe measurement accuracy in compressor performance tests, blowing tests were
carried out on typical structures of the total pressure probe (stagnation cap structure and ball hole structure)
and the total temperature probe (single-shielded structure and double-shielded structure) used in compressor
tests. The results show that the total pressure probe with a stagnation cap structure is superior to the probe
with a ball hole structure in terms of airflow sensitivity angle, measurement accuracy, and measurement
stability. The recovery characteristic of a single-shielded thermocouple total temperature probe is better than
that of a double-shielded probe. The influence of thermal radiation error is small at low temperatures, and
the double-shielded total temperature probe does not have significant advantages over the single-shielded
probe in the measurement accuracy of total temperature.

Key words: compressor; total temperature probe; total pressure probe; shielded structure; blowing test
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